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The • main objective of this thesis was to design a data 
.. 
a c q u is it ion system that w i 11 mo n i to r up to twelve d i e -cast i n g 
cells. Each cell consists of a die casting mact1ine, a feeder arm, 
a furnace; a vision system, and part removal robot. The • main 
function of the system is to provide information about the proces~ 
activities on the· shop floor. This includes the temperature and 
pressure profiles for both the furnace and the die throughout the 
d a y, time u ti I i z a ti on p e r c e 11, fa i I u re mode . a n a 1 y s i s a n d nu RLb er o f 
parts produced. An • overview was made to investigate the apparatus 
needed to build a control and monitoring system. Several off-the-
shelf systems were considered, but none of them was able to 
· completely fulfill the project objectives. The integration of this 






















Small manufacturing firms experience the same problems as 
the large corporation but must solve them in a different way. Some 
of these problems are the limitation of manpower, expertise and 
funds. Looking at the current management style of a small 
manufacturing company, one can realize that the major concern is 
solving the every day problems. These daily problems slow the long 
rang plans for implementing new technology. 
One of the necessary ways to establish a computer 
integrated manufacturing system (CIM) is to develop an over all plan 
an.ct implement the computerization at different levels • 1n the 
company. Then these levels will be integrated to combine the 
whole system . 
Several decisions have to be made when a small 
manufacturing company implements a CIM approach. Some of these 
decisions include selecting the first area of computerization, 
allocating resources toward such projects, buying verses building a 
computerized system. 
After the decision is made related to the above areas, there 
are several technical issues have to be addressed • concerning the 
implementation of compu teriz,a tion. These issues are related to the 
inf omation expected from the computer, the kind of data entered into 
2 
the system, the physical way of entering data and the hardware 
utilized. In the following section the above areas are addressed. 
CIM Approach 
Several areas • 1n a manufacturing company can be 
computerized. These areas include sales, accounting, manufacturing, 
design engirneering. These areas are divided into several functions 
which control different aspects in the organization as shown in 
figure 1. 
The first areas to be computerized are arbitrary and 
depending on the need of the company. For example, consider the 
sales and the accounting control. With the rapid improvements in 
price/performance of computer technology and the cost decrease of 
the • generic accounting software, • companies are encouraged to 
computerize those areas. Since this thesis deals with a function in 
the 
toward 
man uf actu ring area, more concentration will be addressed 
manufacturing evolution toward CIM. • • eng1neer1ng arid 
Design engineering is another area to be computerized. 
With the rapid changes in engineering design and the increasing 
demand for close tolerance, it is ideal to 
assist in doing the repetitive work and the 
use the computer to 
number crunching. 
Once the part is designed' on the computer a,nd the tool path is 
generated, it will be possible to download the part's·· geometric 
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Jhe next area of computerization which is manufacturing. Once the 
part has its final shape, it will pass down the line to be 
assembled with some other parts, or shipped to the storage area or 
to the customer. Here several areas can be computer-controlled such 
as robot assembly, part transfer using automated guided vehicles 
(AGE) or conveyors, and finally part storage and retrieval using 
automated storage/retrieval systems (AS/RS). This area also covers 
process control where several variable of the process are 
continuously monitored and changed depending on the process. 
With the parts moving in the shop floor, information can be passed 
along the line using some form of computer technology, for example, 
bar coding. In addition, information about the worker activity 
can be collected and monitored using some sort of computerization. 
Advantages 
Basically, the information gained from a computerized 
system will be the same as the information gained from the manual 
system. The only difference between the two is that with the first 
system, the information can be accessed in near real-time. For 
example, the job status ,the physical location of the job on the 
line and the number of parts produced can be determined more 
accurately and in a shorter period of time if a computer based 
technology • 1S utilized . 
5 
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Type of CIM data 
There are two types of data; static and volatile. Static 
;, 
data is entered once with possibly little or no changes made to it 
in the future. For example, data about customer, employee, 
operations and machines. Volatile data is the type that is always 
changing or being updated. For example, data about inventory 
control, number of parts produced, job status, etc. 
There are several ways of entering data into a system. 
The most traditional way is manual data entry using the keyl5'oard. 
Other ways of entering data can be done automatically, for example, 
bar codes, magnetic strip, radio' frequency, etc.. The latter can 
/ 
be done by either on-line or batch approach. In the on-line 
approach, data are collected from the shop floor and made available 
for utilization instantly. In the batch approach, data are collected 
and stored ten1porarily then utilized later. 
CIM Implementation 
Implementing CIM can be approached by building or buying 
systems. There are advantages and disadvantages for both 
alternatives. 
The advantages of buying an off the shelf system are the 
immediate a vaila bili ty, the reasonable pr ice and the easy of 
installation. On the other hand, this system could be incompatible 







its needs. Also\ the system could have several unused functions or 
very limited. The advantages of building a system are total 
flexibility, total customization to fit the company needs, 
capability of integration with other systems and simplicity of 
upgrading. On the other hand, building a complete system could 
cost more money and consumes more time to design and test. 
Hardware· selection depends on the software used. 
Several points have to be considered when buying hardware and they 
are cost, vendor support, the kind of operating system and expansion 
capability. 
Resource Allocation 
A well designed or selected system should identify- and 
eliminate any redundant taskso This system should help the key 
personnel in the company to apply training toward more dedicated 
issues than the daily problems. 
Developing and implementing CIM strategy can take hundreds 
of hours. Since the required experience to implement computerization 
is 1 a ck in g in a s ma 11 comp a n y, ob ta in in g a n outs i de-· cons u 1 ta n t ca n 
save plenty of time and decision making. With the dramatic decreas 
ing cost of computerization, small manufacturing companies are 
to obtain the basic computerization needed with a reasonable 
able 
• price. 
A basic system (hardware PC base) can be bought for less than 
$3,000. Many standard business programs, such as bookkeeping, word 
processing, spreadsheet, and payroll are priced at $100 or less. a 
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programming, · can be bought for $5,000 or less. Programs, such as 
quoting and shop floor control can be purchased for $5,000 or less, 
but must usually be custom,ized to some degree to fit each 
individual company's needs. A complete customized management 
planning and control system (MPCS) that would control and 
integrate almost all functions within a small manufacturing 
company can be tailored to that company's system in a range 
between $40,000-60,000, including hardware and software . 
CIM case study 
Blue .1 Ridge Pressure Casting • lS a family owned and 





Blue Ridge has been evolving toward factory 
for the last four years. A management information 
installed to control all the accounting, sales, 
scheduling, inventory control and resource 
allocation. In the shop floor, high technology machinery started to 
do part of the~ manufacturing process, for example, robotics, vision 
systems, and NC machines, automated inspection have been 
implemented.· A total hardware and network system plan to integrate 
several functions within the company is shown in firure la. 
Need For Process Monitoring System 
Many factors affect the quality of the product produced 
by a die casting machine. Two of these measurable factors are the 
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By utilizing the traditional equations to determine the temperature 
and the pressure, one can achieve a theoretical setting for an 
accept able product quality. These settings are usually hard to 
achieve because of machine wear, the changing of the furnace 
temperature, cracks in the die and human error . Consequently, 
when the die is first installed, the operator has to run several 
shots to get the proper setting of the temperature or pressure. 
This process 
product • IS 
could 
reached. 
take up to three hours until a high quality 
Even when these settings are reached, ~ 
continuous monitoring operation has to be done. Due to the nature of 
the die casting process, internal voids are produced with some of 
the parts. The die designer must insure that these voids do not 
occur at critical are in the part. 
the 
If the temperature/pressure · 
settings of the die or furnace vary by a small amount, 
milling or trimming opera tio·n may expose these voids. This will be a 
good indication that the temperature d·r the pressure has changed by 
a small amount. Unfortunately, to get to the trimming or milling 
operation, the part has to wait for some period of time to get to 
that station. Consequently, there will be several hours of 
labor wasted on every shift. 
Another problem that faces the - die casting industry 
is estimating the life of the die. Several times, old records will 
be lost or subject to many human errors. This will make it harder 
for the quoter to estimate the number of dies needed from the 
historical data . 
• 
I i 
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Finally, to maintain records on process activity, the 
operator has to fill out cards and production summary sheets during 
or at the end of the shift as shown in figure 2a. This card holds 
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information about time 
number of parts produced. 
spent at every job during the shift and the 
Figure 2b shows the charts used to record 
temperature or pressure profiles for the furnace or the die during· 
the day. To keep track of the number of parts produced, a counter on 
the die casting machine is read and the values are recorded • 1n a 
table shown in f ig'ure 2c. When the machine breaks down, another 
table is used to indicate the time of the failure and the reason 
behind it. this is shown in figure 2d. 
Finally, to keep track of the operation time for the 
die casting machine, a chart recorder shown in figure 2e is used. 
The gape between the bars represent the time the machine was down. 
From the above figures one can realize that all the data are 
11 
., -
x -:. 12.63 
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entered manually and could be subject to human error. With a 
continuous monitoring and data collection system, information 
about the die casting process can be generated automatically with 
least amount of error possible. 
Problem Statement ( 
The problem to be addressed • Ill this thesis • IS to 
investigate methods of gathering and using the process monitoring 
data from a die casting cell and interface it with the current 
information system. 
Looking at the previous section, one can realize that part 
of the process problems in the die casting industry is cause by 
two factors. The first • one IS getting the correct data (i.e. 
temperature and pressure settings for the furnace and the die, life 
of the die, number of shots on the die since the manufacturing 
date). The second factor is getting the data at the right time 
(i.e. the change of temperature and pressure settings). 
One way for process monitoring is to install a data 
acquisition system {DAS). The purpose of the DAS is to transfer 
process information to a location where a human operator can 
access this information (Figure 2f). The information received will 
be utilized to give the operator a warning signal if an abnormal 
condition • • 1s occurring. This will decrease the number of parts 
that contain cavities and cracks found at the manufacturing 
process. The information is then stored in the computer memory. 
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One should realize that no direct control can be made by the 
computer or the operator through the computer. Consequently all 











Figure 2.f Process Control Configuration 
.... 
information received can be utilized in several ways. A process 
summary report can be produced at the end of the shift where the 
temperature and pressure profiles of the furnace and the die are 
plotted, a summary report on failure process analysis is produced, 
time utilization and die casting cell efficiency • IS determined 
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Thesis Organization 
This thesis includes the research, the development, and 
the implementation of an advanced shop floor information system 
. that is utilized for die-casting process. 
Chapter 2 of this thesis covers the background 
information needed to design such an information system . This 
includes the manufacturing process data, hardware interface, 
programming requirements, communication protocols and network 
topologies. 
Chapter 3 investigates the possibility of installing an 
"off-the-shelf" system for shop floor data collection. The system 
components and configuration are addressed. Finally, • issues are 
discussed regarding the limitation of the system which leads to 
choosing another alternative for gathering data. 
Chapter 4 discusses the approach used for designing a 
tailored system for data collection. System components are 
addressed in regards to software and hardware selections. 
Chapter 5 provides an example for the system capability. 
The monitoring behavior is addressed and information about the 
process is provided as well. 
Chapter 6 • IS the final chapter • 1n this thesis . It 




future work for complete shop floor monitoring system. 
The appendix provides a user manual that shows ~tep by step 
procedures to utilize the system . 
.. 
19 
·, '. . 
4 ,I • '.•~.". , .._, •- ,_.j . .;_ ,:. 
.. 
CHAPTER 2 












The objective of this project is to design a data 
acquisition system that collects information from up to twelve die 
casting cells. The data will then be displayed on a supervisory 
computer and then stored for future utilization. 
The system has the following capabilities: 
* Display a warning signal on the shop floor 
• 
supervisory 
computer if the temperature or the pressure setting changed at the 
die casting cell. 
* Provide· a continuous monitoring for the temperature and the 
pressure readings. 
* Update the number of shots as well as the number of parts 
produced automatically. 
* Generate temperature and pressure profile at any time during 
production. 
* Apply statistical process control (SPC) measurements to 
determine the average temperature and pressure setting. At the 
sametime, measurements of the suggested temperature and pressure 
setting can be determined. 
* Perform time utilization analysis where the setup time, 
down time, operation time, and die casting cell efficiency can be o 
determined. 
* Provide a summary report about failure mode analysis to 
.1 
20 
determine the cause and the time the die casting cell was down. 
* Communicate with the main computer of the company to provide 
information about the job status and production activities to 
management. 
Each cell consists of the fallowing component shown in figure 3 
l) One die casting machine 
2) One furnace 
3) One feeding arm 
4) One part removal robot 





PART REMOVAL ROBOT 
·• -
VISION :JY'STEM Fig. 3 Die Casting Cell 
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To build a shop floor control and monitoring system the 




Manufacturing process data 
Hardware interface 
Programming requirements 
* Communication protocols r 
* Network topologies 
2.2 Manufacturing process data 
To control and monitor a manufacturing process • via a 
computer, the designer should realize that there are three types of 
data transferring between the process and the computer. 
1) Continuous analog signals 
2) Discrete binary data 
3) Pulse data for d iscret data that a re not restricted to 














2.2. I Continuous analog data is the kind of ·data that assumes a 
certain value or within a certain range during the manufacturing 
process. The majority of the die casting process is controlled with 
continuous analog data. 
2.2.2 Discrete binary data is the kind of data that will assume 
one of two possible values (i.e. off /on). The discrete binary data 
is extremely helpful to identify information such as: 
I) The status of the machine 
2) Identifying failures (i~'e., machine, die, and robot 
breakdown). 
3) The existence of a part in a process (i.e., part inside 
a die). 
2.2.3 Pulse data or discrete data is the kind of data that 
generates pulse signals. Discrete data are similar to discrete 
binary data but it is limited to two possible levels. 
2.3 Hardware interface 
, .. 
The above data are transferred from the process to the 







Digital-to-Analog converter (D/ A) 
Analog-to-Digital Converter (A/D) 
Contact input interface · 








2.3.1 Digital-to-Analog Converter uses a binary-number output 
. by the CPU 
number [ 3]. 
to produce an analog voltage proportional to that 
A typical digital-to-analog converter is shown in 
figure 5 It is commonly used when there are requirements for a 
computer cori trol system • IS to supply time-saving voltage outputs 
to various types· of actuators . 














F. 5 Digital To Analog Converter [31 19. 
V, 
2.3.2 Analog-to-Digital Converter is a device that. selects an 
analog input voltage and converts it to a binary number. With 
this kind of capability, the device within the computer software 
• 
can· sample the output voltage to various feedback variables. 
Atypical analog-to-digital converter is shown in figure 6. 
2.3.3 Contact input interface is a device that reads discrete 
binary data. This contact can either be open or closed (on/off). 
24 
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interface can become extremely helpful for 
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2.3.4 " Contact output interface is a device us'ed to turn on a 
signal (i.e. light or alarm) used for monitoring responses. The 
status of the con tact is determined by a computer and is either on 
or off. The contact 011tput interface will maintain its on/off 
status until. changed. 
2.3.5 Pulse genera tor is a device that generates a pulse train 
specified by a computer. The pulses are generated in a way that 
·">"'' 
its amplitude and frequency are compatible with those of a stepping 
motor. 
2.3.6 Pulse Counters It is a digital transducer that will 
change pulses into a digital quantity. 
2.3.7 Transducer is a device that will take a physical 
quantity as input and convert it to another physical quantity as 
output (i.e. input will be flow, velocity and force; output will 
be electrical voltage). When a transducer measures the value of 
physical quantity, it is usually called a sensor. A transducer 
has to be calibrated to establish a relationship between the 
input and the OU tpu te A typical is shown in figure 7. 
Several factors are considered when selecting a transducer. 
These factors are:, 1 
,1 
I) Accuracy: It is the agreement between the actual value of 
the measured variable and the measurement as it is output by the 
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Vol-tnge 
Figo 7 Moving Magnet Velocity Transducer 
2) Resolution: It is the change in -the measured variable over 
the change in the measurement . 
3) Repeatability: It • IS the • • var1a t1on of the measured 
variable over repeated measurements. 
4) Range: It is the upper and the lower limits of 
measu·remen ts the sensor can achieve. 
~.,. 
5) Response: It is the maximum sinusoidal frequency of change 
in measured variable for which agreement can be maintained between 
the measurement and the measured variable [3]. For common sensors 
and measuring devices, see Table I. 
2.3.8 Multiplexers are devices that are connected in • series 
with each input channel from the processor [2]. It time shares 
the analog-to- digital converter among the incoming signals as 
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ended multiplexer and the differential multiplexer. 
Single-ended multiplexer: A multiplexer that utilizes 
switch·es with single-pole, single-throw switches and a common 
Table 1 Corrrnon Sensors and Measuring D·evices [2] 
A,n,nerer-meter to indicate electrical current. 
Bollrdan tube-v.,·idely used industrial gage to measure pressure and vacuum. 
Chrornarographic insrrurnents-labor:itory-type instruments used to analyze chemic:11 compounds and 
gases. 
Eddy current sensor-device that produces a magnetic field and induces eddy currents in a 
conducti\'e object. Used to indicate prt!sence or absence of che object. 
Jnducrance-coil pulse genera:or-trJnsducer used to measure rotJ.tional s~ed. Output is pulse train. 
Infrared sensor--dt!vice thJt me:isures tem~rature from the infr3.red light emicted from the object's 
surfJce. 
Linear-\·ariablt?-dijferenrial transforrrer (LVDT}--electromechanicJI transducer used to mc!Jsure 
angular or linear displa~er.1ent. Output is voltage. 
Limit S\\'itch-eiectrical on-off s\\·itch thJt makes contJct by depressing a button or lever. Can be 
- used to detect presence of an object. 
J,f anonzerer-liquid column gJge used widely in industry to me3sure pressure l 
Oh1nrneter-n1eter to indicJte electrical resistJnce. 
Optical pyrometer-device to me::i.sure temperature of an object. at high temper:itures by sensing the 
bri 2htness of the object's surf ace. 
-Optical encoders-digital pulse generator used to measure rocationll displacement and rotJtional 
sp,eed. 
Orifice platc-\\·idely used flowmeter to indicate fluid flo\\· r:ites. 
Photometric transducers-a class of transducers used to sense light. including photoculxs. 
phocodiod~s. phototrJnsistors. and photoconducrors. · 
Pie:oeli'ctric acceleron1t:>ter-tr:1nsducer used to meJsure vibration. Output is emf. 
Piror rube-lJbOrJtory device used co meJsure Aov..·. 
Posin"i·e displacemt!nt fio\\·1nt'ter-vmety of transducers used co meJsure flO\\". Typi~Jl Ol!tput is 
pulse trJin. 
Potenrionzerer-instrument used to measure voltage. 
p ressurt! transducers-a clJss of transducers used to measure pressure. Typic3l output is vo[t:1ge. 
OperJtion of the transducer cln tx bJsed on strJin gages or ocher devices. 
Radiation pyrorneter--device to meJsure temper:iture by sensing the thermJl radiation emitted from 
the object. 
Strain gage-v.,·idely used transducer used to indicate torque, force. pressure. and other variables. 
Output is ch::inge in resistance due to strain, \l.·hich can be converted into voltJge. 
Therrnisror-also called a resistJnce them;iometer: an instrument used to me:isure temr,er:Hure. · 
OperJtion is based on change in resistance as a function of temperature. 
Thern1ocouple-widely used temperature transducer based on the Seebeck effect. in "·hii:h 3 junction 
of t\VO dissimilar met:ils emi[s en1f re!Jted to temperature!. 
Turbine ftoH·n1eter-transducer to measure flov.,· rate. Output is pulse train. 
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ground. 
Differential multiplexer: A multiplexer that utilizes 





Fig. 8 Multiplexer Configuration 
2.4 Programming requirements 
switches 
Several programming functions are required to build a 
monitoring system. 
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The software should be able to· respond to special events 
triggered by clock time (usually on hardware device • 1n the 
computer). An example in this area would be starting a process at 
a specific time or collecting data at specified intervals of time 
for monitoring purposes. 
2) Process interrupts 
With the incoming of a special signal, the software should be 
able to respond back and interrupt that process or start another 
process. (i.e. stop the machine when temperature is over I000°F). 
3) Computer process command 
This 
ability to 
is for process control only. The software has the 
control a device or devices that will direct and 
regulate a process. 
4) Operator-initiated events 
The software should be able to accept commands input by the 
opera tor to control the process, change existing programs, print a 
process report, etc. C 
5) Repetitive 
-~ 
The program has to be able to run in a continuous loop 
where the commands are repeated . at intervals of time. · 
2.4.1 Types of software 
There are to type of software that represents a monitoring 
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I) System Software: This is software developed for implementing 
a specific control application program shown in figure 9. 
o,-.r~roA 
.l'IJr..-OAr• 
c""' r r a N'III' 
Fig. 9 System Software Components 
2) Application Software: This is the result of utilizing the 
system software for programming specific control strategies, 
video display, terminal display, .and report printing. 
2.5 Communication protocol 
Tran sf erring the data from the process to the computer 
31 
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(i.e. shop floor • supervisory computer) is considered an 
essential function in building a control system. 
A protocol is ·a set of rules which must be foil owed if two 
or more devices are to communicate [6]. The purpose of the 
protocol 
problems: 
• IS to define certain ways to handle the following 
I) Communication line error caused by noise\in the data 
line. The system protocol should be able to detect an unfamilier 
message and ignore it. 
2) Buffer control. If the system received several messages 
or one long message, its protocols should be able to handle 
the buffering procedure until the system is able to response . 
3) . Multiple 
devices were transferring 
device access. If level communicating 
data, the protocol should be able to 
re co g n i z e t he sou r c e of the d a ta . A Is o i t sh o u 1 d be a bl e to sen d ·a 
specific data to a specific device on the data line. 
4) Failure detection. This could happen when a message is 
sent to a device a no response . was acknowledged. The system should 
be able to realize the failure of the other communicating device on 
the line. 
5) Data transition. Any system should be able to handle 
receivin and sending data to any point of the data line . 
6) Interpretation . of messages. When • a message 1s 
received, the system should be able to recognize that message and 
32 
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know if its sending or asking for data . 
. v 
There are several communication protocols used in industry. 
These protocols include ISO, IEEE 802, ANSI and EIA. 
2.5.1 ISO 
Established by the International Standards Organization 
in 1979, this model divides the various. areas of protocols into 
seven layers. Each layer has to interface with it adjacent layer. 
t . 
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• IS a layer that contains' specific Application Layer 7) 
commands that can be programmed at a certain station to make it 
communicate over a data link (Data Highway, as,ynchronous link) . 
Basically 
initiates 




contents of messages and 
There are two types of 
commands initiators and command 
correspond with two message types: 
executors. These commands 
* Command messages: sent by command initiators to command 
) 
executors. 
* Reply messages: sent by command executots in response to 
command messages received from command initiators. Figure 11 shows 
a schematic illustration of the command replay message. 
COMMAND 
EXECUTOR 






ROUTING SUBROUTINE ENTRY 
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At a particular destination, command initiators specify 
particular which commands function is to be executed. At that 
destination, the command executor is responsible for interpreting 
the command message. ~It also issues a reply message for each 
' 
command it • receives to the station that sent the command . If it 
cannot execute the received command, the, command executor must 
generate.,, and send back an appropriate error message to the station 
that generated the command . 
6) Presentation (data conversion) Layer is concerned with 
the data format transferred between stations. To accomplish this, 
all devices have to encode data with the same format. 
5) Session Layer supports an orderly dialogue between devices 
using the network. It deals with network security • issues, 
resynchronizing the data in the event of a transmission failure, 
and similar problems [2]. 
4). -Transport (end-to-end service) L.a yer 
from 
• 
IS responsible for 
transferring 
destination 




reliable form the source to the 
3) Network Layer network layer controls the routing of packets 
of data from the source to the destination in the network. 
this layer a replay command of zero bytes indicates a successful 
transmission of the corresponding commands. 
2) Data Link Layer controls the flow of data on the physical 
link by acquiring access to the communication channel for each 
' 
station in the link. When it- is ti me· for a station to send data, 
35 
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I 
it will become a master station. All other stations will become 
slaves to it. In general every station has three states of 
operation as shown in figure 12. 
messages, polling to determine which 
These include transmitting 
station gets the mastership 
next and receiving messages and polling . 
Ai.L STATIONS HA VE BEEN PCli.EO AT LEAST C.NCE 
----·-------· -, 











Fig. 12 Receiving messages and Polling 
.-> 
1) Physical Layer is the layer that transmits the raw bits 
across the network. It also defines the type of transmission medium 
and the transmission rate. 
2.5.2 IEEE 802 
Established by the IEEE Society in 1980, the purpose 
of this protocol • IS to establish standards that will allow 
equipment of different manufacturers to communicate via local area 
network {LAN) Figure 13 shows the logical control layers needed 
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for data transfer through the LAN. 
2.5.3 ANSI 
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Fig. 13 IEEE·802 Standard [6] 
Institute for Layers 2 and 3 mentioned above, the most well known is 
X.25 which is utilized to interface host computers to publicly 
switched networks. Another standard is X3.28 which specifies 
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I 2.5.4 EIA 
Established by the Electronic Industries Association, it 
produced the RS-232C standard to define the physical interface 
(Layer I) between a computer or terminal and a modem [6]. The 
maximum transmission rate is 19.2 kilobaud with maximum distance 
of 500 feet. The RS-422 can support a transmission rate up to 
10 megabaud with a distance between 200-4000 feet. 
2.6 Network Topologies 
._ 
Before discussing the network topologies, \.it_ is helpful to 
-~ 
define data highway and its f ea tu res. f, 
2.6.1 Data Highway is a term that describes an industrial Local 
\{° 
Area Network {LAN). Data highways are used to communicate between 
several independent PC's and/or host computers. Every device 
connected to the network is called a node. The maximun1 distance 
between nodes is usually less than a mile. An industrial networ·k 
should support real-time control, check for error, immunize against 
high noise, retrievable in crash environment and finally be suitable 
for large installation. Industrial ·networks are usually used - for 
data collection and process control. 
To do the above applications, the_i network must have the 
communicate among the programmable logic controller (PC) and 
other hosts, upload and download f ram and to a PC and a host, 
read/write input a'n:d output values of any PC a·nd monitor the 
status of PC and its operations 
38 
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2.6.2 Topologies 
Top_ology is the physical way that describes the 
connections o·f every node in the network. The major factors 
topology can affect are cost of implementation, throughput, and 
reliability. 
Star topologies describes the connection of all the PC's to a 
network control as shown in figure 14. With star topology, one 
can implement point-to-point protocol very easily. It also has 
several disadvantages which include high cost for _large 
installations, high level of message handling through the 
P.C. 











cen tra I · con troll er and f ai I ure of the central .,con trailer failed, 
the whole network is down . 
Common Bus is characterized by the connection of all the 
PC's to a main trunkline as shown • 1n figure 15. With this 





the network directly. 
slave/master configuration 
P.C. P.C. P.C. 
Fig. 15 Bus Topology 
" 
P.C. P.C. P.C. 
Fig. 16 Master/Slave Bus Topology 
A common use of the bus topology is the 


















the network controller which sends and receives 
(any node on the trunkline). 
data from the· slave 
Ring is characterized by the connection of all the PC's to 
each other in a circular form as shown in figure 17. Should any 
of the nodes (PC's) fail, the whole network will go down. 
Star-Shaped Ring looks similar to the Ring topology (as shown 
in figure 18. It is modified in a way that if the nodes failed, the 
network will not go down. In a big industrial network several 
topologies can be interconnected to form the system. Figure 19 shows 






Fig. 17 Ring Topology 
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2.6.3 Access Methods 
It is the method used by a PC to gain access to the 
network. The most commonly used methods are polling, collision 
detection and token passing. 
Polling is commonly used • 1n a master/slave bus 
configuration. The master can poll each slave to see if there is 
any data needed to be transferred. The master sends a message to 
for a reply. The slave v.1ill respond back th,e slave and waits 
with the data or a message that specifies that there is no data. 
If the slave did not respond within 
the master will poll another slave. 
a certain period of time, 
With Collision Detection this method, each node on the 
network waits until there is no message on the line. While 
transmitting, a ~collision-detection circuitry checks for th·e 
presence of another transmitter. If there · was a message, a 
collision will occur and the node will stop transmitting. It 
will wait for a certain period of time and then it will retransmit. 
Token Passing is a method of giving each node temporary 
control of the network. Each node is defined by an address. 
, 
During operation, the token will be passed from one node to another 
sequentially. After transmitting 
transmit the token to the next node. 
the 
The 
by each node and will be taken if needed. 
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data, the node will 
information is received 
) 
In this chapter· several points were considered for 
designing a · co·ntrol or a • • mon1tor1ng system. ,In the next chapter 
some of these points will be discussed in details to give a the 
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3.1 Introduction 
This chapter • • 1nvest1ga tes the possibility of installing an 
"off-the-shelf" system for shop floor data collection. Several 
systems were considered . These systems are Intermec, Redifacts, 
Ceare, Datanet, Lxe and Datacap. 
Several restrictions were imposed on selecting a system. 
These restrictions are cost, ease of installation and use, response 
time, compatibility with the current management information system, 
expandability and vendor support. 
One of the systems that fulfilled the majority of the above 
restrictions was RED IF ACTS Factory Information System. 
Q 
3.2 REDIFACTS Factory Information System 
It is an information system developed by Gandalf Systems Group • lil 
• Canada. It is utilized for collecting data by continual comm uni 
cations with each work station on the shop floor. 
3.3 System Component 
3.3.1 CADET XF (Shown in figure 20) · 
The CADET terminal provides real time data collection from the 
shop floor to the main host. This data is related to machine u tili-
zation, parts movement, machine monitoring and labor reporting. 
3.3.1.1 Tec/1nical Featz,res [7] 
45 
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The unit has 16 digit alphanumeric display, 80 character scrolling 






Fig. 20 Operator Cadet en 
I 
display. It holds an audio and a led alert indicator. At the top 
side of the unit there is a bar code slot reader with an optional 
wand or scanner attachment. The unit is capable of reading (I 2/5, 
code 39) bar code industry standard. 
the multiplexer. 
'\ 
3.3.2 Multiplexer [Shown in figure 21] 
It requires I Watt power from 
It is an electronic junction box which links the cadet termi-
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Figure 21 Multiplexer (7] 
The multiplexer provides power up to 32 cadets; It requires 
.. 
11 Ov 60 Hz/230v 50 Hz or 12 VDC . It has a range up to 250 feet to 
cadet terminal and up to 1000 feet to the Facts 2000. 
3.3.3 Facts 2000 
This is a central control and data collection unit shown in 
figure 22. It provides , control and message routing to and from all 
cadet terminals. 
3.3.3.1 Technical Featz,res [7 J 
The unit controls up to 512 cadet terminals. It has the 




scan up to 500 Cadets per second with ability to buff er messages. 
3.3.4 Contact Monitoring Unit (MOB) 
This unit allows the system to be connected to the factory 
\ 
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Fig. 22 Facts 2000 (7] 
. 
machines or equipment for monitoring purposes shown in figure 23. 
3.3.4.1 Tech11ical Featztres [7} 
r 
\ 
The unit has the capability of fµll mem-0ry buffering. It can 
monitors up to 32 inputs with maximum count rate of 4 counts per 
second per channel. It receives its power from the multiplexer. 
1 
,,,--
3.3.5 Redif acts 2820 
This is a software that operates with an IBM PC (XT or System 2 
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• 
main host of the company. The 2820 provides real time data collec-
tion from the shop floor and verifies the data. The data is then 
stored in files. and can be read upon the request of the shop floor 
• 
• superv 1sor. 
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-.. 3.4 System Configuration 
The cadet terminal will be placed at different areas of the shop 
floor for opera tor data en try. the (MOB) unit will be connected to 
the machines monitored. 
terminal or (MOB) units. 
The multiplexer will control up to 32 cadet 
The Facts 2000 unit will be connected up 
to 16 multiplexors and to the 2820 software. This • IS shown • Ill 
figure 24, 25 • 






































Fig. 24 System Configuration [7] 
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3.5 System Operation 
Every operator on the shop floor will have an "operator 
ticket" which will carry an identification number (usually the 
social security number) as shown in figure 26. Every operation 
(i.e. die casting, trimming, drilling) will have an identification 
" 
ticket to represent the operation. Fin a 11 y, ever y b a t c 11 prod u c e d 
will carry an identification ticket that moves on the shop floor 
.,.,,.--- ·.._, 
/ 
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When the operator starts working on a specific batch, he/she 
will place the operator identification card in the slot reader. 
He/she will then place the operation-identification card in the slot 
and finally the batch-identification card. From this step, the 2820 
software will monitor the time the cards were inserted and keep 
track of the time spent on every operation. As for the (MOB) unit, 
r 
it will collect data from the machines on the shop floor (i.e. 
temperature and pressure setting of the die and the furnace, number 
of shots) and then pass it to the Facts 2000 through the multiplex-
le r. 
The shop floor supervisor can monitor the activities on the shop 
floor by moni taring the transaction and the transaction time on the 
2820. The data is stored in the files and then uploaded to the main 
host computer when it is ,,, not busy. 
3.6 System Limitations 
There are several limitations for this system. All data col-
lected has to be uploaded to the main host. If the shop floor 
supervisor wants to access information about production activities 
that occurred at the beginning of the day, he has to get the data 
from the host and not the 2820. The system is not capable of pro-
ducing • a warning signal if an abnormal • • s1 tua t1on occurred (i.e. 
change in temperature or pressure setting of the die or the fur-
. ,,,,.-.,. 
// 
nace). The system is not capable of producing process variable 
information such as temperature, pressure · profiles. · Every . batch 
53 ~· Ji • - . 
produced must have an · identification ticket which will carry a fixed 
number of parts. When the number of parts produced changes, the 
{,,. 
production supervisor has to change the parts quantity on the card. 
This operation could consume a lot of· tiine since the batch quantity 
changes frequently from one step to another in the production line. 
The system is not capable of producing a failure mode analysis 
report to indicate the reason the machine was down. Even though the 
system is capable of monitoring the temperature and the pressure 
settings at the die casting cell, a separate sensor has to be • 1n-
stalled to convert the setting to analog signal inputted into the 
MOB unit. 
3.7 Alternatives 
Since the programmable logic controls are utilized on the shop 
floor, it was more logical to build a customized system that will 
collect data from every die casting cell. The system can be built 
in a way that the PLC will collect data about temperature, pressure, 
and machine status. This data will then be transferred by a commu-
nication software to the shop floor-supervisory computer. From the 
collected data, information can be generated to provide summary 
reports about temperature and pressure profiles, failure mode analy-
sis and number of parts produced, etc. 
• 
As for production data (labor reporting, work in process, and 
job location), another system can be built. In this system every 
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computer terminal and a bar code reader to provide information about 
production. 
The next chapter discusses the approach used to build a process 
control-monitoring system that will provide information about the 
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This chapter discusses the design approach used to build the 
shop floor monitoring system. Steps for designing the system will 
include the software, the hardware used, and the integration with 
the die casting cell . 
4.1 Hardware 
This includes the programmable logic controller (PLC), the 
personal computer . (PC), the control function unit and the 
communication modules. 
4.1.1 PLC 
PLC-4/20,30,40 from Allen-Bradley shown in figure 27 are 
used. The main function of the PLC is to control the die casting 
process. This includes con trolling the temperature and the pressure 
setting for the furnace and the die and updating the number of 
shots. Also the PLC controls the movements of the arm heeding· 
robot, the part removal robot and the die. Finally, the PLC 
reg i st er s ho Id the d a ta., s e n t t o d a ta h i g h way. These data a re th e 
three different settings for the temperature of the die and the 
furnace, three different settings for the pressure in the die , the 
updated number of parts, the cell number, and the status of the 
.. 
cell. 
4.1.2 Personal Computer 
· An IBM PS/2 qmodel 30 computer is used. The PC will hold the 
communication software (Plant Manager) and the application software 
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The first software communicates with every PLC on the shop floor and 
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1. AUN (green) - Illuminates for manual .. ,. 
operation on run, run/prog, off for test or prog. 
. - . 
2. DC ON (red) - Indicates when the power 
supply is operating properly .· .:· t"., , • 
3. AC FUSE - Fuse holder for the 2A 125V Ac· 
power supply fuse · · · :.· · ·· · 
,. 
4. 110 RACK POWER - Sockets provide power to 
the 1/0 chassis or remote 1/0 scanner ... 
d1stribut1on panel connected to them. , , 
' 5. SCREW TERMINALS for AC (LP3) or DC · 
(LP04) .. · .... , 
6. MODE SELECT SWITCH - Select one of four 
modes of operation with this switch ·· .; 
7. STANDBY LOW - Illuminates when battery for. 
memory backup is low ·' · · 
8. MEMORY FAULT - Illuminates when there is a 
• y_ii.lli)_i:::TI ur · . ~. , • 
. ---- ---
~- PROGRAM PANEL ~~~sor to the 
\ industrial terminal . · . 
--- ·1: . •• 
10. PRCC FAULT - l:tuminates wt-,er. there is a 
Pr f"I ...... SC!'""• , ............ "''C""r ....... -;..,~ "'rror 
_.__ --• ·--•• \.n p,J• ~ UtlflltUt~ ~ . I 
11. 1/0 RACK - Connects processor to local 1/C 
chassis or 01str1bution Panel · 
Figur_e 27 PLC2 Allen-Bradley [8] 
copies the nine d a ta v a 1 u es men ti on e d a b o v e into a f i 1 e that res id es 
on the PC. The second · software performs the data analysis 
applications that provide information about the die casting process. 
4.1.3 Control Function Unit 
It is an operator interface module (RediPANEL Keypad) 
shown in figure 28 that allows the operator to input the status of 
the machine. The operator keys in a number value that represents 
the process status. The numerical values are presented in table 2,--L. 
The unit • IS to the PLC connected controller that holds the value 
entered • In s p e c i f i c r e g is t_ e r. The a value is then to transferred 
the PC through Data Highway. 
" 
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The module shown figure 29 recognizes commands that allow 
the uploading of data f ram the PLC to the PC. It is physically 
connected to the PLC and Data Highway. The module controls the 
PLC 
CONTROLLER 
2705 RediPANEL Modules 
TO OTHER 
2705 MODULES 














', Figure 28 Control Function Unit [gJ 
communication without the need for a host computer. It also has an 
automatic error checking of data it • receives, if the data sent by 
Table 2. 
Status 
Numerical Values Representations 
Numerical Value 
Robot failure 
Die fail u·re 






Robot and die failure 
Robot failure and operator on break' 
Robot and machine failure 
' Robot failure and no metal 
Die failure and operator on break 
Die and machine failure 
Die failure and no metal 
Operator on break and machine failure 
Operator on break and no metal 





















the PLC was not received,by the PC the module will retry sending 
() 




Switch Cover / 
Figure 29 KA2 Communications Module [10) 
the data. (For more information about the module connection with 
the PLC and Data Highway refer to catalog No. l 77 l-KA2-AI1en-
Bradley). 
4.1.5 KF2 Communications Interface Module 
It is a unit that links the PC to data highway. The module 
is shown· in figure 30. The KF2 is capable of communication with two 
protocols; full duplex and half-duplex. The KF2 module provides 
___../') 
, . both a point - to-;:~ poi n t or a mu 1 ti -d r op 1 in k be twee n a n A 11 en -B r a d 1 e y 
Data Highway and the PC or the PLC. In this project the PC reads 
data from the PLC's and not the opposite· direction. This means that 
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Figure 30 KF2 Communications Interface Module (11] 
the link arrangement is master (PC) to slave (PLC) configuration. 
With this type of arrangement, a half duplex protocol is used. 
4.2 Software 
This includes the PLC·, the communication, and the. application 
software. 
4.2.1 PLC Software 
This software contains the commands that will input the 
three different settings of temperature and pressure,· of the furnace 
and the die, into six different registers in the PLC. The software 
has a built in counter. that updates the number of shots every time 
the die opens. The data is also stored in a specific register. A 
' 
,1 
certain identification register contains the die casting cell 
number. This data does not change as long as the numbering system 
60 
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of the die casting cells • remains constant. As for the process 
status, a reg is try carries .. a nu mer i ca 1 v a 1 tre s (see tab 1 e 2) th a t 
. resemble the status of the current process. The above data are 
stored in the following order; first, the machine number, then the 
die casting cell status, the updated <.numbers of parts, the first 
temperature setting, the second t~mperature setting, the third 
temperature setting, the first pressure setting, the second pressure 
setting and finally the third pressure setting. These nine data 
points are updated every time the program in the PLC is scanned. 
The scanning time depends on the PLC itself. 
4.2;2 Communication Software (Plant Manager) 
It is a full duplex software that communicates between the 
· PLC and the PC. For this project the PC reads data from the PLC and 
not the opposite. In other words, even though the software utilizes 
a full duplex protocol, it performs as a half duplex one since the· 
,, 
PLC's cannot read data from the PC. 
4.2.2.1 Full Duplex Protocol 
The full duplex protocol is character-oriented· [5]. It utilizes 
the ASCII control characters which is extended to eight bits by 
adding zero for bit 7. 
\ See table 3 for character identification. 
These characters are used for co'll0trol and data symbols. Each symbol 
represents a sequence of one 2 more bytes that specifies a certain 
mean in g --to the 1 i n k pro to co I. See ta b I e 1, 3 for s y m b o Is and their 
• 
meanings. 
The message packet starts with OLE STX and ends with a OLE ETX 
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BCC/CRC symbol. The application layer data will reside in between 
them. Also, the response symbols (DLE ACK and DLENAK) can be 
transmitted inside a message packet. Figure 31 shows the structure 
. . 









Table 3 Transmission Symbols [5] 
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of a message packet and its communication layers. 
The block check character (BCC) provides the checking of the 
accuracy ·of each message transmission. The cyclic redundancy check 
(CRC) does the same job as the (BCC) symbol and also provides a 
higher level of data security. 
4.2.2.2 Communication Transaction 
Communication transactions occur between two sources. 
Each source has a transmitter and a receiver. The message source 
sends a message packet when the transmitter is not busy. The 
message source then waits for response symbol. If the message has 
been successfully transferred, then a DLE ACR symbol is received by 
the source. The transmitter then proceeds with the next message. 
If the source receives a OLE NAK symbol, then it retransmits the old 
message. The transmitter waits for a certain period of time for 
response. If no message was received by the transmitter then a DLE 
ENQ symbol is sent to request a retransmission of the last response. 
Again the transmitter waits for a certain period of time. If no 
~----\ 
message is received, then the transmitter signals the message source 
that the transmission has failed . 
As for the • receiver from the other end, it keeps a record of the 
last response sent to the transmitter. This response could either 
be ACK or N AK. The receiver sends the value of the last response 
when a DLE ENQ symbol is received from the transmitter at the other 
end. If the receiver did not receive- a OLE STX or a OLE ENQ symbol, 
it will ignore all the messages received. If a OLE ENQ is received, 
63 
the • receiver waits for input from the transmitter on the other hand, 
if DLE STX is received, the BCC/CRC and the message buff er are 
reset. At this point the receiver will start building the message. 
All data symbols are stored in the message buff er and added to the 
BCC/CRC while the receiver is receiving a message. If the buffer 
over f I .a,~ s, t he re c e iv e r w i 11 d is ca rd the rest of . th e mess a g e. I f 
any control symbols other than DLE ETX BCC/CRC is received, then the 
message is aborted and a DLE NAK sent to the transmitter. When the 
OLE ETX BCC/CRC 
message sifu~ and the 
is received, the error flag, the BCC/CRC, the 
address are checked. If any of the tests fail, 
a DLE NAK is sent [5]. Figure 32 a,b shows the flow diagram of the 
protocol. 
4.2.3 Application Software (INFO) 
This is the software that utilizes the data sent from· the PLC's to 
provide information about the die casting process. 
cons is ts of on e ma in pr o gr a m a n d sever a I sul:rt o u ti n es. 
4.2.3.1 The Main Program 
The software ,l 
It isunder "BLl.BAS"shown in figure 33. It generates the • main 
menu for the user. Several options can be selected and they are as 
fallows: 
1) Machines Display 
2) Tabulated Data 
3) Time Utilization 
4) Downtime Analysis 
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the receiver waits for input from the transmitter on the other hand, 
if OLE STX is received, the BCC/CRC and the message buffer are 
reset. At this point the receiver will start building, the message. 
All data symbols are stored in the message buffer and added to the 
BCC/CRC while the receiver is receiving a message. If the buffer 
overflows, the receiver will discard the rest of the message. If 
any control symbols other than DLE ETX BCC/CRC is received, then the 
message is aborted and a DLE NAK sent to the transmitter. When the 
DLE ETX BCC/CRC is received, the error flag, the BCC/CRC, the 
message size and the address are checked. If any of the tests fail, 
a DLE NAK is sent [5]. Figure 32 a,b shows the flow diagram of the 
protocol. 
4.2.3 Application Software (INFO) 
This is the software that utilizes the data sent from the PLC's to 
provide information about the die casting process. 
consists of one main program and several subroutines. 
4.2.3.1 The Main Program 
The software 
/' 
It isunder "BLl.BAS"shown in figure 33. It generates the • main 
menu for the user. Several options can be selected and they are as 
fallows: 
I) Machines Display 
2) Tabulated Data 
3) Time Utilization 
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5) Die/Machine Identification 
6) Die History Information 
7) Temperature Analysis (SPC) 
8) Pressure Analysis (SPC) 
9) Exit 
10) Delete All Files 
Every number refers to a different subroutine when 
entered at the prompt. 
,-
1) Machine Display is under a ~ubroutine called "SHOW.BAS" shown in 
figure 34. This subroutine activates the communication drivers of 
"Plant Manager" so data can be transferred from the PL C's to the PC. 
Also "SHOW.BAS" acts as a monitor that sends a warning signal · to the 
user if a change in the temperature or the pressure setting of the 
die or the furnace occurred. 
The communication software will transfer data from the opera ting 
PLC's for that day. To specify which PLC is working for that day, 
one has to choose option (5) in the • main menu. The PLC's are 
numbered from one to twelve. These numbers are stored in a file 
called "ACT.DATA". Every machine number has a file that Plant 
Manager reads to know where the signal should go and transfer data 
from Data Highway dropping points. The data received is placed in a 
file called "ACT.TXT". Depending on the station number, the file is 
copied to another file called "DAT A#.BAS" where # refers to the 
machine number in Data Highway. The "DAT A#.BAS" holds all data 
received from the PLC for that certain machine for that day. A 
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Figure 34 Machine Display Flow Chart 
68 
production day is from 7:00 AM until 7:00 AM the next day. Between 
7:00 AM and 7:03AM all files of "DAT A#.BAS" are copied into another 
set of files called "2DAT A#.BAS" where # refers to the machine 
number on Data Highway. The data that existed in "2DAT A/#.BAS: from 
the previous ~ay of production is deleted. 
At the terminal level, the opera tor (shop floor supervisor) will 
see an animation effect for the movement of the die on the shop 
floor. The die will move from the front of the machine display to 
the back and • vise versa. If the machine was down, the operator will 
still be able to see the machine display on the tube, but the die 
will not be moving. 
All the specified information about the temperature and pressure 
setting are stored in a file called "ID#.DATA". The received data 
is compared to the temperature and pressure settings. If the data 
received (for temperature and pressure settings of the furnace and 
the die) did not fall between the maximum temperature and pressure 
limitations, a warning signal will appear on the screen., The 
·• 
signal is a rectangular box that can be blue or red. Blue indicates 
a change in pressure has occurred and red indicates a change in 
temperature has occurred. Also inside the rectangular box a message 
will appear to indicate which temperature or pressure setting has 
changes (i.e. T 1 T2 P 1 P2). If the "Enter" key. js pressed, the main 
menu will appear again on the screen . 
. , 2) Tabulated Data is a command located in subroutine "TEMP.BAS" 
shown in figure 35. The purpose of this subroutine is to display 
the current data received from the PLC for the specified die casting 
69 
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machine on the shop floor. Also the number of shots since the 
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the manufacturing date -of the die will be displayed on the screen . 
From the current number of shots, the total number of parts per job 
is determined and displayed. At the beginning of this subroutine, 
the communication drivers of "PLANT MANAGER" are executed. The data 
received is placed in a certain file according to the die casting 
machine number on Data Highway (DATA#.BAS) where # is the machine 
number). Since the tabulated data command shows the data received 
(temper a tu re a n d press u re s e t ti n g for t he d i e cast i n g mac h i n: e a n d 
the furnace) for a certain machine, the operator has to exit the 
command by hitting the (Enter) key and then execute the same command 
with a different machine number to see the data received for that 
machine. (See Chapter 5 for example). The data received • IS 
compared to the data input • 1n command 5 (Die/Machine 
Iden tif ica tion). The file that holds the identification data • IS 
"ID#.DA TA": where # is the machine number on Data Highway. If the 
temper at u re or the pressure setting of the re c..e iv e d data did not 
fall in the range of the specified temperature and pressure setting, 
a beep sound will be activated and a warning message will appear at 
the top of the screen. The message presented by a "CHK" word which 
means check followed by the process variables {Tl T2 T3 Pl P2 P3). 
If the "Enter" key is hit, the program will return to the • main menu. 
3) Time Utilization is a command place under "T3.BAS" 
subroutine shown in figure 36. This subroutine displays chart bars 
that represent the total setup time, production time and down time 
for every die casting machine. Twelve groups of three bars 
,:, 
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represents the 12 die casting machines on· the shop floor. When the 
(Enter) key is hit, a statistical analysis is displayed. This shows 
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machine. Also, information about each machine's efficiency is 
presented. 
When the communication drivers of (PLANT MANAGER) is executed at 
the Machine Display or the Tabulated data command, a time clock is 
set to keep track of the process status (i.e. machine is down, 
operating or die is. being setup). The time is stored in a file 
called "TME#.DAT A" where # is the machine number on Data · Highway. 
~he status of the machine is determined by the control function unit 
oh the shop floor. (See Table 2 for status information.) 
4) Down Time Analysis command is under "D0WN2.BAS" subroutine l' 
shown • 1n figure 3 7 . It generates a time chart that provides 
information about the die casting cell failure. The time the cell 
was down and the period it took to restart the die casting operation 
is shown in the chart. A total sum for every failure mode is 
figured and a percentage of the total down time is determined. 
Every screen generated with this subroutine refers to a certain 
machine number. To get the failure mode analysis of a different 
machine, the operator has to exit to the main menu. 
machine number has to be input. 
Then the new 
The time of the failure is stored in a · file called "DX#.DA TA" 
where # is the machine number on Data Highway. Every line contains 
six data values. This data represents the time the machine was 
down. When the total sum is calculated, every line of data will be 
subtracted from the previous line and the result is added to the 
next line of data and the total sum of the machine down time for 
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Figure 37 Down Time Flow Chart 
every reason will be determined. 
·, 
5) Die/Machine Identification command is under a "ID.BAS" 
subroutine shown in figure 38. With this command, the operator is 
able to indicate which machines are operating for that day. The 
machine numbers are then stored in "ACT.DAT A:" file. The opera tor 
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will specify information about the die. This information lis stored 
in a "ID#.DA TA" file where # represents the machine number on Data 
Highway. The. operator can change all the information or part of it 
in the file. Finally the operator can simply view the information 
stored in the file without changing anything. If some of the 
information in the file needs to be changed, the operator has to 
input the information code (i.e. MAXTI for maximum allowable 
temperature to T 1 ). Every time the information in the file is 
changed, the old data will be replaced with the new corrected one. 
6) Die History Information is a command contained in a 
subroutine "HDIE.DATA". It provides information about the die 
which includes the three digit setting for the temperature and the 
pressure, the die number, the machine number, the job number and 
number of parts per job and the total number of shots since the 
manufacturing date. The majority of this data was created at 
command· (5) except the total number of shots. This is copied from 
"ID#.DATA" where # is the machine number on Data Highway. 
7) Temperature Profile (SPC) is a command contained in 
subroutine "TPROFILE.BAS" shown in figure 39. This generates the 
temperature profile for three different settings. The Y axis of the 
chart represents the temperature and the X axis represents the time 
it occurs. The data is copied. from "DAT A#.BAS" where # represents 
the machine number on Data Highway. Three different temperature 
charts are generated for every temperature setting. 
setting there is a range limitation on the chart. 
For every 
If the data 
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chart. If the data is less than the lower value of the limit, a dot 
will appear at the bottom of the chart. When the three charts for 
the temperature settings are displayed, a statistical analysis for 
the data is presented. This analysis includes the average, the 
variance, the standard deviation, the suggested maximum setting and 
the suggested m.inimum setting of temperature. 
8) · Pressure Profile (SPC) is contained in subroutine 
"PPROFILE.BAS" shown in figure 40 . This subroutine is a copy of 
"TPROFILE.BAS" but instead of displaying temperature profiles, 




9) Delete All Files command is contained under subroutine 
,, 
"KILL.BAS" shown in figure 41 .. It deletes all process files for the 
present production day or the • previous one depending on the 
operators request. The deleted files are "DAT A#.BAS", "DX#.DA TA" 
and "SUMTS.DA TA". For a safety feature, the operator will be asked 
twice to delete data files. If in both questions the word "YES" was 
input, then the subroutine will delete the above files. If the word 
"YES" was not entered twice (the enter key has to be hit in 
between), the subroutine will · not delete the files. 
10) Exit command will exit the "INFO" program to the operating 
system. 
Finally, a slave master topology is used to connect the PC to 
the PLC. The PC being the master and the PLc·~s being the slaves. 
This configuration is shown in figure 42 
78 
',11, 
. : . 







































Figure 40 Pressure Analysis Flow Chart 
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In this chapter an example for process • • • act1v1t1es for one 
production day • IS • g1 ve n. 
This production day is May 13, 1989. Two die casting machines 
are opera ting. These are machine numbers one and two on Data 
Highway. The temperature and pressure settings for the die and the 
furnace are set by utilizing command number 5 • lil the • main menu. See \) 
appendix for data entry. i 
During the normal process where no change • 1n temperature or 
pressure settings are • occurring, the dies on the machine display 
screens are moving from the front to the back of the die casting 
machine. See figure 43 for details. When there • IS a change • 1n 
either the temperature or the pressure settings, a rectangular box 
will CO\'er the die casting machine display. The box color • IS either 
red or blue depending on the change of temperature or pressure 
setting respectively. Figure 44 shows a change • 1n temperature and 





Figure 43 Die Movement 
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Figure 44 Warning Signal 
Going to the continuous monitoring screen for machine number 
one, one can read the data received from the PLC. See figure 45a 
for details. This maximum and the • • m1n1mum settings for the 
temperature and the pressure are shown at the upper half of the 
screen. The value of Tl is exceeding the maximum limits for that 
temperature, a CHKTl message appears on the screen. The same 
abnormal behavior is occurring for T2, Pl, P2 and P2. The number of 
shots and the number of shots since the manufacturing date of the 
• die IS shown. From the first value, the number of per job • IS parts 
updated. Two minutes later, the value for Pl goes back to its 
normal range. 
figure 45b 
Consequently, the CHKPI message had disappeared. See 
for details. When the (ENTER)~ key • IS hit, the program 
will go to the main menu. 
If command number 4 • IS selected, the screen will turn to 
failure mode analysis display. The die casting cell for machine 
number one was down several times for that day. The total down - time 
was 245 minutes. The major two reasons, the die casting cell was 
down was because of metal shortage and die breakdown. The total 
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time for those reasons was 65 and 50 which . represents .265 and .204 
Fl/Exit CONTINUOUS MONITORING 
CH~ Tl CHM T2 
CHH Pl CIIH P2 CHN P3 
1200 600 700 1600 lr/00 
1100 300 300 1100 1500 
Tl T2 T3 Pl P2 
1381 800 460 2009 2000 
1381 800 461 2000 2000 
1343 ?65 462 1882 1528 









MACII I NEtil 
Current TiMe is 23:24:22 
· Last: Data w~.s updated at 23: 24: 22 
Updated tt of Silo ts : 4 
ff of shots since Mfg: 4 
ff p~oduced fo~ Joh 1: 8 
ff p~oduced fop ~ob 2: 12 
fi pFoduced for Joh 3: 16 
Figure 45a Continuous Data 
Fl/Exit COttT I NUOUS ~10NI TORI ttG 
CHH T 1 CHY. T2 
CMH P2 CHE F3 
1,...----... ------
,p 1200 600 700 16( ' 1 J.700 
__.._,_....,. __ --
·--
0 1500 1100 300 300 lu.e __,_ __ 











8Dfl 460 ""D ~u GIEu 
800 461 200 
765 462 188 
765 463 188 
730 464 176 
730 465 176 
6 95 466 lf.,4 
695 467 164 
695 460 152 







































MACH It! E fl 1 
Cu~rent TiMe is 23:26:23 
Last Data was updated at 23:26:23 
Updated ff of Sl1ots: 2 
ff of shots since Mfg: 2 
ff produced for Joh 1: 4 
ff produced for ~oh 2: 6 
fl produced fov Joh 3: 8 
\ 
" Figure 45b Continuous Data 2 minutes later · 
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Down TiMe Analysis ( in Min tl t es ) 
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R ~ t I I· 
M tI ~ -. ~ -~ ~ t ~~I · ·11 11 ' ~ I iii '! 1,ll1111111 1~ 11: ,,1u1111~1111 . . _ _ 
Die: 50 0.204 Hc11: 25 0.102 Opr: 25 0.102 Rht: 25 0.102 
Mtl: 65 0.265 Otr: 55 0.224 TOTAL DOWN TIME: 245 
? I 
Figure 46 Down Time Analysis 
f ram the total down time. Between 11 :30 and 12:30 pm the cell was 
down because of robot breakdown and the operator being on break. 
This is shown in figure 46. As for temperature analysis, three 
temperature profiles for Tl, T2, and T3 can be obtained from command 
number 7. See figure 47a, b, c, d for details. From figure 47a 
' 
the·6starting temperature for that day was I383F and then it keeps on 













































until 5:00 Finally, kept • • on 1ncreas1ng am. a value to 
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Figure 47a Tl Profile 
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Figure 4 7b T2 Profile 
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' . ·, 
·more than 1400F by 7:00 am. As for T3 the temperature value was 
between 455-485F throughout that production day (from 7:00 am to 
7:00 the next day). 
Statistical analysis for the temperattil'e settings are 
calculated. This analysis • variance, covered the average, the 
standard deviation an-d the suggested range for the three temperature 
settings. These values are shown • Ill figure 47d for details. The 
same kind of profiles· are obtained from command number 8. The Pl 
value for that day started at 2000 • psi, it then decreased to 1528 
• 
PSI by 9:00 It stayed that until pm then it value 5:00 at am. 
decreased • again 1175 • PSI. am until stayed that value 7:00 It at to 
the next day. See figure 48a, b, C for profiles information. For 
statistical analysis for P2, and P3 .I' see average figure 48d. p I, The 
value for Pl was 1655.60 PSI with a standard deviation of + 259.61. 
The suggested for • IS PSI. 1914.60 between and 1395.47 range Pl 
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Ave~age TeMperature foF Tl: Va~iance: 20699.764 Standard Deviation: 143.87 Actual Max. Tl: 1200 Actual Min. Tl: 1100 Max. Suggested Tl: 1418.95 Min. Suggested Tl: 1131.20 
Average TeMperature fo~ T2: Uarli ance : 1.9686, 982 Standard Deviation: 140.31 Actual Max. T2: 600 Actual Min, T2: 300 Max. Suggested T2: 803.00 Mini Suggested T2: 522.38 
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Figure 48c PS Profile 
3 4 5 6 7 
'·L_- :;·r · ·· :. .. · . 
. ,.:..: :.'. • .id_~ 
Ave~age Pressure fo~ Pl: 1655.08 Variance: 67395.453 Standard Deviation: 259.61 
Actual Max. Pl: 160~ 
Actual Min, Pl: 1100 Hax. Suqqested P.t: 1.914.68 
Min. Sui~ested Pl: 1395.47 
Average P1~essure for· P2: 1491. 6 9 Variance: 71514,984 Standard Deviation: 267.42 Actual Max. P2: 1700 
Actltal Min, P2: 1500 
Max. Suggested P2:1759.12 
Min, Suggested F2=1224127 
' 
nve:rage Prr1sstrre fork r3: 5147. 69 Variance: 4555969.000 Standa~d Deviation: 2134.47 
Actual t1ax. F3: 6000 
Actual Min. P3: 4000 
Hax. Suggested P3: 7282.16 Min, Suggested P3: 3013.22 
• 
Figure 48d Statistical Analysis for P's 
... 
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SUMMARY AND FUTURE WORK 
- - ... - . 
Q 
Summary and Future Work 
This chapter concludes the work done on this project. It 
summarizes the system capabilities and the future work that can 
be implemented for controlling the rest of the die casting 
process. 
The system is capable of monitoring I up to twelve die casting 
cells. It provides information about the process throughout the 
working shift. This information includes: 
1) Updated number of parts produced as well as the life of the 
die. 
2) Time utilization per cell (i.e. setup time, operation time 
and down time). 
3) Statistical process control (SPC) report for the temperature 
as well as the pressure settings • lil the die and the furnace. 
4) Temperature and pressure profiles for every die casting cell 
in the shop floor. 
5) The suggested optimal temperature and pressure limits for the 
next operation shift. 
6) Down time failure analysis of the die casting cell (i.e. 
machine failure, die failure, robot break down and operator on 
break). 
7) Cell efficiency. 
This system monitors the first part of the die casting 
process. It can be integrated with another system that will 
91 
. ' .• • . ', r . ~ 
monitor the rest of the process. This includes monitoring the 
drilling, the trimming, the inspection and the part finishing 
process. Information from the second system can provide 
knowledge about the total number of parts produced per job, the 
number of defective parts, the number of hours spent on each 
batch, the number of hours spent on each job, and the batch 
locations on the shop floor. With this system the operator can 
input data directly from the shop floor through a PC terminal. 
Here a bar 
the .opera t or 
coded identification card can be utilized to clock 
• Ill and OU t. As for the 







from the shop floor are saved in a special file where it can be 
uploaded to the main information system of the company. The 
updated data can be sent every time the plant manager asks for it 
or au to ma tic a 11 y every severa I minutes. 
92 
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Q 
USER MANUAL 
To execute the program, one should be at (PLA'NT) di rectory. 
' 
Simply type (INFO) then hit the (ENTER) Key. 
The main menu will appear as in figure 49. To start the 
monitoring activities, one should specify which machines are 
· operating for that day. This is done by hitting command number 5 in 
the main menu. The operator will be asked to either go to· the 
id en ti f i ca ti on men u or spec i f y w h i c h ma c t1 i n e is ope r a t i n g for th a t 
day as shown in figure 50 . If (A) was selected, the opera tor will 
Blue Ridge Monitoring SysteM _, ___ .. ______ _ 
MAIN NEl[J 
1 Mac]}i ne s Di sp I ay 
2 Tabulated Data 
3 TiMc Utilization 
4 Down TiMe Analysis 
5 Die/Macliine Identification 6 Di e H is to 11y 7 TeMpeFature Anal4sis (SPC) 8 Pressure Analysi~ (SPC) 9 Exit 
10 Delete All Files 
INPUT ONE OF THE ABOVE I 
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Activate a Machine o~ Identification Menu (A) o~ (I) XX fof EXIT I 
Figure 50 System Response 
be asked to input the machine number. The machine number should be 
/ 
between 1 and 12. If the operator inputs any number less than I or 
greater than 12, a message will appear as in figure 51 . When the 
machine number is input, the operator will be asked if any 
additional machines are activated. See figure 5 la . If (N) was 
INPUT MACHltlE NUMBER? 333 
~ MflCH I t·IE fl Sl10ULD BE BETl~EEN 1--J.2 
:(N) FOR ~EW ACTIUE MACHINES OR XX FOR EXIT 
? I 






. ; : .. \_ '. ; .... -~- . 
input, the program will display all the active machines for that day 
(} 
and then give the operator the chance to exit that command. See 
figure 51 b . To go to the iden tif ica tion · menu, simply enter (I) 
INPUT MACHINE NUMBER 1 A~IY MORE (Y/N) Y 
INPUT MAC11 I t1!l: ~UJtlBER 2 
ANY MORE (YIN) NI 
Figure 51a Activate Machine 
CURRENT MACHINES ACTIVE 
1 
2 
:(N) FOR NEW ACTIUE MACHINES OR XX FOR EXIT ? I 
Figure 51b Data Display 
when command number 5 is first executed. The operator has 5 
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:I 
the data available in that file, change some of the data, change the 
MACHINE ti 1 FILE INFORMATION 
\ 
1 ) IJ I E~;I CU HIU~NT DAT•) 
2) CHANGE DATA 
3) CHANGE THE WHOLE FILE 
4) SELECT ANOTHER MACHINE 
5) EXIT 
SELECT ONE OF THE ABOUE? I 
Figure 52 Identification Operation 
whole file, select another machine or exit to the main menu. If 1 
is selected, all the information available for that machine will be 











MAXT2 600 MAXP2 11J0 
MINT2 300 MINP2 1500 
HAXT3 700 MAXP3 60J0 
MIHT3 300 MINP3 4000 
I...___ _______ ____.· I 
MAOiINE D 1 FILE 
DO ~'OU ~IANT TO 
CH~NGE ANY DATA? (Y/N)? I 
Figure 53 Identification Display 
• 
96 
(Y) response has to be input and then the code of the data needed to 
be changed. For example to change the value for the maximum Tl, the 
opera tor has to use (MAXT 1) for that code. If the wrong code was 
input, the computer will not accept the change.If 2 was selected the 
s a me p re vi o us screen w i 11 a pp ea rs. T ·o ch a n g e the w ho 1 e f i 1 e, i n p u t 
command number 3 and then type in all the data asked for by the 
computer. After the last data is input, the screen will display all 
' 
the information in that file. See figure 53 for file information. 
Now the monitoring activities are able to start. 
" 
By inputting (1) 
at the main menu, a display for every active machine will be 
presented. If the (ENTER) key was pressed, the screen will show the 
main menu. If command number (2) (at the main m~nu) was executed, a 
continuous reading from the machine specified for the temperature 
and pressure values will appear. If the (ENTER) key was pressed, a 
numerical analysis for the data will be displayed. By pressing the 
(ENTER) key again, the screen will turn to the • main menu. For die 
identification, number 5 command key is to be entered. At the 
iden tif ica tion menu,. either (A) or (I) as to be entered. If (A) was 
selected, the active machine has to input for that day. If (I) was 
selected, all the information about about the die has to be 
answered. The computer will then show all data in files. If 
changes are to be made, (N) has to be entered. To exit that level, 
one has to input (XX) to go to the main menu. If command number 6 
was selected, information about the dies (by their numbers) will be 
displayed. To go from one die to another, just simply hit the 
(ENTER) key. To exit, enter (XX) which will turn the screen to. the 
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main menu. To view the temperature profiles, enter command number 7 
at the main menu. Input the machine number then the temperature 
profile for Tl will appearo If the (ENTER) key was pressed, the 
temperature profile for T2 will appear. Finally, if the (ENTER) key 
was pressed, the temperature profile for T3 will be displayed. If 
the (ENTER) key was pressed for the last time, numerical analysis 
for Tl, T2 and T3 will be displayed. If command number 8 was 
selected, the same procedure as above will be followed to get 
information about Pl, P2, and P3 profiles and data ,analysis. If 
command number 9 was selected from the main menu, the system will be 
terminated, and the (PLANT>) prompt will appear. To delete all 
files, one has to enter command numbe~ 10 at the main menu. The 
operator will be asked to input which files need to be deleted 
i 
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On the tenth of November, Nineteen Sixty-four, my existence 
began in Kuwait thanks to my parents Mr. and Mrs. Victor Balian. 
I (lived in Kuwait until the age of eighteen at which time I came 
to the United States of America. I Lived in Columbia, South 
Carolina for six month where I learned English. 
Charlotte, North Caroline in the summer of 1983. 
I transferred to 
I attended the 
University of North Carolina, where I majored in Mechanical 
Engineering. During my Sophomore year, I developed and interest 
in machine design, which lead me to involvement with CAD. One 
year later I attended a technical college where I took several 
CAD courses. This kn ow ledge was applied to my senior pro j"e ct, 
the objective of which was to design a machine used to dry • iron 
and fold bed sheets. Thirty-two projects were presented for that 
year and • mine was a warded the best of the class . 
After graduation from UNCC I worked as a CAD Consultant. 
One of the longest assignments was with Duck Power Company in 
training new CAD users, building part user 
updating machine drawings. 
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that year I have worked, with support from Blue Ridge Pressure 
Casting, on building a 
monitoring system for their die casting machines. The • experience 
and the knowledge gained • 1S summarized in this project. I was 
also involved in several class projects. This includes working 
with Robotics, PLC's, SLAM II, NC machining and CAD. After 
completion of my Master of Science Degree requirements I will 
move to Ohio and work with Lincoln Electric as a Manufacturing 
Engineer. 
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